Abstract: Subsidence basins filled with water are being formed above exploitation fields also in woodland areas leading to changes in water relations simultaneously affecting creation of environmental islands characterized by higher biodiversity in comparison with adjacent areas.
INTRODUCTION
Industry is one of human activities which lead to profound modifications of natural environment (PEŁKA-GOŚCINIAK and WAGA, 2003) . Such cases are anthropogenic water reservoirs created due to the collapse of surface above underground excavations of coal mine (DULIAS, 2003; JANOWSKI and MOLENDA, 2007) .
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The mining subsidences are very often formed in forest areas and the environmental islands with different site conditions (Wyspy…, 2002) compared with the former state (SIERKA and SIERKA, 2008) . The newly formed water bodies are a permanent landscape element and they influence hydrological conditions and biocoenotic diversity within them and in their vicinity (NEWBOLD and EADIE, 2004) . However, in spite of environmental value of such sites, water reservoirs in subsidences are treated as mining damages (according to Polish Geological and Mining Law Dz. U. No 27, position 96 from 1st March 1994) and subject to land reclamation. The reclamation consists in their gravitational drainage and then by filling up with barren rock from colliery wastes, shallowing the depression and afforestation.
Few studies (STALMACHOVÁ, 1997) indicate that reclamation of water reservoirs of such origin is followed by some negative consequences for natural environment because deposition of post-coal mine wastes results in significant changes of quality of water (TWARDOWSKA et al., 1998; MOLENDA, 2006) . It limits the development of rush vegetation (STALMACHOVÁ, 2004 ) -significant element of biodiversity.
The objective of this study was to determine the impact of reclamation on floristic diversity within adjacent forest communities and water conditions in reservoir created in the subsidence and filled with barren rock.
STUDY AREA
Study area -Katowice Upland -is delimited after KONDRACKI (1994) and is one of the 5 mesoregions of Silesian Upland (Fig. 1) . Upper Carboniferous rocks are the main geological structures of this area which is the base of regional economy (GILEWSKA, 1972) . The study objects are situated in the administrative borders of Mysłowice and Katowice city.
The water body "Fala" (1), (Fig. 2) , (before reclamation treatments 10.55, now 7.52 ha) was created as a result of building earth bank fastened with concrete screen in the Przyrwa River valley. It was an example of dam reservoir. Despite its anthropogenic character it started to undergo the same spontaneous processes comparable with natural water bodies. However, coal mine activity changed the course of succession. The exploitation of coal caused the subsidence of study object. The depth and the surface area increased. The subsidence resulted in the flooding of some forest areas. The new polygenetic water body was formed. Therefore, land reclamation of this reservoir started in 1955 which mainly included reservoir emptying and building dams of barren rock. Partially barren rock was used to level parts of the reservoir. After termination of these reclamation practices, the watertable declined by 1.3 m. However, unstable formation (further ground settlement) Fig. 1 . Location of the study area on Silesian Upland background; 1 -localization of study objects Fig. 2 . Objects of study; 1 -forests, 2 -basin reservoir "Fala"; 3 -reclamated reservoir "Świniarnia" 4 -streams, 5 -roads and tracks, 6 -coal main "Wesoła"
and also inflow of episodic waters to girdling ditch resulted in flooding and ground water-logging of forest areas. The water body "Świniarnia" (2) (Fig. 2 ) was originally formed in the 19 th century as a typical dam reservoir with water wheel. The coal exploitation deformed the substratum and changed the surface area and bathymetry of the water body. As in the reservoir "Fala" polygenetic-dammed-subsidence water body developed. Now it is a water body with permanent inflow, because it is supplied by waters of two streams (Fig. 1) . In 1996 flooded land covered an area of 7.6 ha and together with nearby areas was classified as a mining damage, which according to the law should be reclaimed by the coal mine industry. For this purpose wastes from the "Wesoła" coal mine were used. Surface streams were restored and 7.0 ha out of 14.5 ha were subjected to land reclamation with the afforestation aim. The last phase of management was accomplished by the decision of President of Mysłowice City in January 2006.
MATERIAL AND METHODS
The studies were carried out in the adjoining areas: water body (1) and former water body now filled with barren rock during land reclamation (2) . Vegetation data were collected in nearest forest communities along 12 transects Differences in species composition, species richness and diversity as well as the share of ecological groups of species between the two objects were examined using U Mann-Whitney test (SOKAL and ROHR, 1995). Wilcoxon pair-matched test was performed to analyse differences in chemical and physical water properties.
RESULTS
In total 151 vascular plant species were found within study objects including 143 in "Fala" and 129 in "Świniarnia". There were no statistically significant dif-ferences between vegetation in terms of quantitative measures (Fig. 3) . Mean number of species in subplots was 15 in both surrounding areas. Similar results were obtained for H' Shannon index (ca. 2.1) and evenness (ca. 0.05). However, there were qualitative differences i.e. in species composition. The ordination of 72 samples from two sites in the DCA is shown in Fig. 4 . The eigenvalues of the 1 and 2 axis were 0.651 and 0.393, respectively. They explained only 10.5% of cumulative variance. High value of the length of gradient (4.738) along 1 axis revealed high heterogeneity of the vegetation. There was statistically significant difference in mean eigenvalues of the 1 axis for two objects which indicates high β-diversity in surrounding objects studied (Tab. 1). There were no significant differences in the share of forest species (representatives of the classes Querco-Fagetea, VaccinioPiceetea, and Alnetea glutinosae), and forest-scrub plants i.e. species of the classes Rhamno-Prunetea, Salicetea purpurae, and Betulo-Adenostyletea (Fig. 5) . Nonforest species mainly rush, meadow, and mire species or representatives of the classes Phragmitetea, Molinio-Arrhenatheretea and Scheuchzerio-Caricetea contributed much to the vegetation of both studied sites. However, in the vicinity of reclaimed water body significantly higher mean cover of other accompanying species was observed (Fig. 4) . They were chiefly alien species like Quercus rubra, Padus serotina, Reynoutria japonica, Robinia pseudoacacia. The comparison of chemical and physical properties of water between sampling points within the same object showed that in water body (1) there were similar water conditions. Both water course (the Przyrwa Stream) and other waters flowing to girdling ditches did not differ significantly in all measured water parameters (Tab. 1). However, analyses of waters in two sampling sites of the reclaimed water body showed very significant differences in conductivity which was more than twofold higher in the second sampling site. Also concentration of sodium, potassium, chlorides and sulphates were much higher in the second sampling point (Tab. 2). A lack of differences in the species number and in Shannon's H indices between the objects studied was probably caused by considerable degeneration of forest phytocoenoses. One of the most important transformations of the studied communities was a domination of Carex brizoides in herb layer, what led to unification of the structure, and displacement of other species (SIERKA, 2003; CHMURA and SIERKA, 2007) . Also high contribution of Scots pine Pinus sylvestris (SIERKA and CHMURA, 2004) to tree stands probably influence homogenization of the studied objects. Perhaps a short period after reclamation was not sufficient to allow development of phytocoenotic relationships within surrounding forest vegetation.
The main difference in physiognomy and species composition between water reservoirs and reclamation areas filled with barren rock is the occurrence of the rush species in coastal zone. They enhance self-cleaning of waters within the reservoir and those supplying the reclamation area (STALMACHOVÁ, 1997; 2000) . The ecotone vegetation between reservoir and forest communities stabilise soils. Nevertheless, the most important role of these plants is the maintenance of biodiversity. Such type of habitat is a place, where numerous rare and endangered animal and plant species have favourable conditions. The former include e.g. predatory insects (SIERKA and SIERKA, 2008) and birds. Rushes are excellent refuges for birds, breeding sites of amphibians and hiding places of fish (STALMACHOVÁ, 1999). The most advantageous for organisms inhabiting plant communities of the Phragmitetea class are reed beds with mean width of 3-5 m (WOŁEJKO et al., 2004) , which occurred only in the object not subjected to land reclamation with barren rock. They increased the diversity of organisms in this area which was demonstrated by higher number of rush plant species found there as compared with the reclaimed reservoir.
Land reclamation based on filling up the water reservoir eliminates rush communities and enhances penetration of alien species into forest communities. Some of alien species such as Quercus rubra, Padus serotina, Reynoutria japonica, Robinia pseudoacacia present in the studied object are considered invasive species (TOKARSKA-GUZIK, 2005). The impact of invasive alien species -IAS -is believed to be the most serious, apart from habitat fragmentation, threat to biodiversity in the global scale (MCNELLY et al., 2001 ). These species are further the factor of disturbance and degeneration and are completely harmful from the nature conservation.
Numerous studies (TWARDOWSKA et al., 1998; MOLENDA, 2006) demonstrated that post-coal mine wastes are very important source of water pollution. This study does not permit to directly show the main cause of water pollution in the water body "Świniarnia". Undoubtedly, increased contents of chlorides and sodium are associated with the discharge of heavily salted water. An increase in the con-centration of sulphates is caused by coal mine wastes deposition. These wastes contain pyrites (iron sulphides) (FeS 2 ) which, during chemical weathering, become significant sources of sulphates (SO 4 2-). Obtained results do not indicate unequivocally the negative impact of the reclamation of subsidence reservoirs on adjacent forest phytocoenoses. Nevertheless, it seems necessary to postulate avoiding reclamation of subsidence water bodies by their fulfilment. It is possible to transform them into aquatic ecosystems of standard value, which can pose a lesser threat to species diversity of forests (KALIN, 2004) which was shown in the present study.
Unfortunately, a scarcity of complex studies on water bodies created in subsidences both these not reclaimed by filling up (MACIAK, 2006) and those which underwent natural succession and regeneration compared with multitude of analogous works devoted to terrestrial post-coal mine areas is the reason of a lack of ecological bases for their reclamation and management (e.g. WANG et al., 2001 , WOŹNIAK et al., 2005 . This is probably the main reason of their negative influence on adjacent woodlands which was demonstrates in this study.
CONCLUSIONS
1. Land reclamation of subsidence reservoir by filling up hampers or even makes impossible the development of rush communities (the Phragmitetea class) which have great bioceonotic importance.
2. Based on analysis of forest vegetation situated in the neighbourhood of the studied objects one cannot point out direct consequences of filling up the water body with barren rock.
3. Encroachment of alien species into forest communities from reclaimed areas is an important problem.
4. The reclamation practices, apart from changes in the natural environment, profoundly transform inanimate nature e.g. cause changes in chemical composition of waters which are contaminated by leachates from material used for reclamation.
STRESZCZENIE
Środowiskowe skutki rekultywacji zbiorników powstałych w nieckach osiadań Słowa kluczowe: lasy, rekultywacja, różnorodność florystyczna, wody powierzchniowe, zbiorniki wodne Niecki osiadania wypełnione wodą tworzą się nad polami eksploatacyjnymi również na terenach leśnych, zmieniając poważnie warunki hydrologiczne a rów-nocześnie przyczyniając się do powstania wysp środowiskowych o znacznie więk-szej różnorodności biologicznej niż tereny sąsiadujące.
Niestety tego typu zbiorniki wodne z punktu widzenia prawa są szkodami górniczymi i podlegają procesom naprawczym, polegającym najczęściej na grawitacyjnym odwodnieniu niecki a następnie jej wypełnieniu skałami płonnymi, odpowiednim ukształtowaniu rzeźby terenu i najczęściej posadzeniu lasu. Tak prowadzone prace rekultywacyjne pociągają za sobą (paradoksalnie) szereg negatywnych skutków, zarówno w obrębie samej niecki jak i obszarach przyległych. Celem prezentowanej pracy jest określenie wpływu rekultywacji zbiornika, powstałego w niecce osiadań, przez zasypanie skałą płonną na zmiany warunków hydrologicznych oraz różnorodność biologiczną sąsiadujących zbiorowisk leśnych. W prezentowanej pracy dane florystyczne gromadzono na terenie zasypanego zbiornika, zlokalizowanego na terenie miasta Mysłowice (woj. śląskie) i zbiorowiska leśnego w jego sąsiedztwie. W obrębie zbiornika szczegółowo scharakteryzowano warunki hydrologiczne. Wykonano spisy gatunków roślin naczyniowych z ich procentową wyceną w skali 0%, 10%, 20%, ..., 100% w obrębie wyznaczonych reprezentatywnych powierzchni badawczych, zarówno na terenie byłego zbiornika, jak i w sąsia-dującym zbiorowisku leśnym. Różnice w różnorodności gatunkowej, udziale grup ekologicznych gatunków roślin przeanalizowano testem nieparametrycznym Kruskalla-Walisa i post-hoc Conovera, natomiast związek z warunkami siedliskowymi sprawdzono analizą korelacji sumy rang Spearmana i metodami analizy gradientowej (DCA).
Wyniki badań wskazują na negatywny wpływ procesów rekultywacji technicznej zbiorników powstałych w nieckach osiadań na różnorodność biologiczną, mający wyraz w składzie gatunkowym -obecność gatunków obcego pochodzenia. Również z punktu widzenia hydrologii zasypanego skałą płonną zbiornika ten typ rekultywacji prowadzi do wysokiego stopnia zmineralizowania oraz podwyższone-go stężenia siarczanów, chlorków oraz jonów sodu.
